Background. Various factors can lead to inadequate nephrology referral decisions being taken by clinicians, but a major cause is unawareness of guidelines, recommendations and indications, or of appropriate timing. Today, tools such as smartphone applications (Apps) can make this knowledge more accessible to non-nephrologist clinicians. Our study aim is to determine the effectiveness of a purpose-built app in this respect.
INTRODUCTION
Chronic kidney disease (CKD) is a worldwide public health problem with a very high prevalence. Early stages of CKD and endstage renal disease are both associated with high cardiovascular morbidity, premature mortality and increased health care utilization [1, 2] . The risk of hospitalization and cardiovascular events in patients with CKD progressively increases as the estimated glomerular filtration rate (eGFR) declines [3] . Nephrology referral is generally indicated when there is a rapid decrease in the eGFR, an elevated urine albumin-to-creatinine ratio (ACR) (>300 mg/g) or when urinary red blood cell casts are observed (among other indications) [4] . It is generally held that patients with CKD should be referred to a nephrologist when the eGFR is <30 mL/min/1.73 m 2 , but there is less consensus about referral for patients with higher eGFR, despite the fact that early nephrology referral has been associated with lower treatment costs and decreased mortality [5] [6] [7] [8] [9] [10] [11] [12] . This study is based on long experience, together with other medical divisions, of indications for nephrology referral and the issues involved. The clinical situation or features in which nephrology referral is indicated are summarized in the criteria and guidelines published by the Spanish Society of Nephrology [13] , which in turn are based on the KDIGO guidelines [4] . Clinicians' knowledge of these guidelines is of great importance in their decisions regarding nephrology referral [14] . NefroConsultor is a smartphone application (app) that indicates whether a patient should be referred to nephrology services, in terms of meeting criteria such as eGFR <30 mL/min/1.73 m 2 or presenting an elevated urine ACR (>300 mg/g). Instruments such as this app can make knowledge more accessible to nonnephrologist clinicians, but unfortunately their implementation in this field remains limited, and little impact has yet been made on health outcomes [15] . In summary, the present study compares nephrology referrals before and after the introduction of a purpose-built smartphone app that helps clinicians reach a decision in this respect, evaluating the impact of this app by taking into account current guidelines and criteria. We hypothesize that the use of such an app in healthcare can encourage the performance of basic studies like albuminuria analysis before the first evaluation by the nephrologist.
MATERIALS AND METHODS
This retrospective study compares nephrology referrals before and after the introduction of a purpose-built smartphone app for use in clinical practice at the Costa del Sol Hospital (Marbella, Spain). The patients included were referred to nephrology services in the periods January-December 2015 (preapp group) versus January-December 2017 (app group). Patients were recruited into the study during medical evaluation if they met the following inclusion criteria: (i) first visit to nephrology consultation excluding follow-up visits; (ii) subsequent attendance at the nephrology service; and (iii) aged at least 18 years. In 2016, background and training lectures were given to clinicians to raise awareness and encourage the use of the app. Specifically, a 30-min lecture was given in January, and then repeated in April, July and October. The lectures were attended by a total of 98 clinicians from the following hospital departments: Internal Medicine, Urology, Cardiology, Haematology, Digestive Medicine, General Surgery and Traumatology, Oncology and Pneumology. This relatively small number of participants enabled us to monitor and ensure attendance. If a clinician was unable to be present at any given lecture, then he/she was invited to attend on the next occasion and thus by the end of 2016, all clinicians in this hospital who referred patients to the nephrology service had been instructed in the use of the app. The app was also publicized in the hospital's internal news service and by other colleagues. At the training lectures, the clinicians were requested to use the app when considering referring a patient to the nephrologist service. They were told that even if the patients did not seem to meet the criteria, they should normally be referred although common sense should prevail. The number of downloads of the app was also recorded. On 1 January 2016, fewer than 500 downloads had been made, but by 1 January 2017, there were over 10 000 according to the Google Play statistics for Spain.
The NefroConsultor app, designed for mobile devices and available in the App Store (for Apple) and Google Play (for Android machines) (available here: http://www.senefro.org/mod ules.php?name¼apps&op¼detalle&id¼6), is based on Spanish Society of Nephrology criteria for nephrology referrals [13] . These criteria in turn are based on those of the KDIGO [4] . The app allows the physician to introduce clinical features such as age, gender, serum creatinine, urine ACR, race and 'other reasons', and then reports whether the patient in question meets the criteria for referral. The app is endorsed by the Spanish Society of Nephrology. Patients are considered to be correctly referred when any of the following criteria are met: eGFR <30 mL/min/1.73 m 2 or a consistent finding of albuminuria (ACR >300 mg/g); or among 'other reasons', if the patient presents an abrupt or progressive deterioration of kidney function, if there is resistant hypertension and CKD, if there are non-urological urinary red blood cell casts, if there are serum potassium persistent abnormalities, if CKD-associated anaemia is observed, if hereditary CKD or polycystic kidney disease is suspected or if there is recurrent/extensive nephrolithiasis. NefroConsultor was designed to coincide with the referral criteria published by the Spanish Society of Nephrology and KDIGO guidelines [4, 13] and, according to the data introduced, it provides a visual display recommending referral or non-referral ( Figure 2A -C). This study compared the referrals made in 2015 (before the app came into use) with those made in 2017. In total, 628 patients were referred from the different hospital departments (Internal Medicine, Urology, Cardiology and others such as Haematology, Digestive Medicine, General Surgery and Traumatology, Oncology and Pneumology). In our healthcare system, general practitioners do not refer patients to the hospital. The fact that all patients were referred from within the same hospital ensured that all the doctors involved had attended at least one of the training lectures. The following variables were studied: age, sex, serum creatinine and eGFR, number of patients with active urinalysis, level of albuminuria, reason for referral, blood pressure and originating hospital department. If the referral included urinalysis, then the ACR and kidney ultrasound results were also studied. A descriptive statistical analysis was conducted using measures of central tendency, dispersion and position for quantitative variables and frequency distribution for qualitative ones. Bivariate analysis was performed taking as the segmentation variables the year of evaluation and the appropriateness of the referral made, using the Chi-square test for categorical variables and the Student's t-test (or the Mann-Whitney U-test if the data were not normally distributed) for continuous variables. The effect size of the intervention was assessed according to the binomial effect size display and Cohen's d for three referral tests (ultrasound, urinalysis and albuminuria) and for the appropriateness of the referral. Finally, a multivariate logistic regression model was constructed to evaluate the presence of referral appropriateness according to the year of evaluation, adjusting for age, sex and referral provenance, describing the odds ratio with 95% confidence intervals for the year of intervention (2017). In each of these analyses, the level of statistical significance was established at P < 0.05. The study was approved by the ethics committee of the Costa del Sol Hospital. However, in view of the low ethical burden, and because the study was based on an analysis of clinical practice, it was exempted from the requirement for signed informed consent.
RESULTS
The study population was composed of 628 patients, with a mean age of 68.1 years, of whom 62.7% were male. The mean serum creatinine level at referral was 1.59 mg/dL and the eGFR was 46. Table 1 . The reasons stated by clinicians for referring patients to the nephrology service were related to the eGFR, proteinuria and albuminuria, CKD-related anaemia, electrolyte disorders and 'other reasons'. The latter were polycystic kidney disease, abrupt or progressive deterioration of kidney function, resistant hypertension, non-urological haematuria, suspicion of genetic CKD, kidney stones or the presence of only one kidney (nephrectomy or discovery).
In 2015, 132 of the 333 patients (39.6%) met the KDIGO criteria and were considered to be correctly referred. In 2017, the corresponding figures were 200 of 295 patients (67.8%) (P ¼ 0.001) (see Figure 1) . Thus, the rate of intervention success rose by 28.8% (binomial effect size display with a Cohen's d effect size of 0.751). On the contrary, a significant number of patients were considered to be incorrectly referred, with eGFR values ranging from 30 to 45 mL/min/1.73 m 2 . Of the 189 patients in Stage 3b 134 did not present other validated criteria such as albuminuria that would lead them to be classed as correctly referred, 100 prior to the use of the app and 34 with the app.
Prior to implementation of the app, 208 of the 333 patients (62.5%) were referred to the nephrology service with study of albuminuria. The corresponding figures for 2017, when the app was used, were 258 of 295 patients (87.5%) (P ¼ 0.001). Thus, the rate of intervention success rose by 25.7% (binomial effect size display with a Cohen's d effect size of 0.744). Similar improvements were noted for referral data including urinalysis, with a referral rate increasing from 68.5% to 85.8% (P ¼ 0.001), representing an increased intervention success of 12.2% (Cohen's d: 0.28). Among other primary reasons stated for referral, the presence of proteinuria increased from 23.7% to 34.2% (P ¼ 0.004). Multivariate regression analysis was performed, using referrals meeting KDIGO criteria ('correctly referred') as the dependent variable and adjusting for age, sex and medical department of provenance. The use of the app was associated with correct referral with an odds ratio of 3.57 (95% confidence interval 2.52-5.05), in the comparison of post-and pre-app referrals (P ¼ 0.001). In a supplementary analysis, we examined how many patients were asked to return to the renal clinic, in each of the study years. In 2015, 87 of 201 patients who were 'incorrectly referred' (43.3%) were not asked to return. In 2017, 21 of 95 such patients (22.1%) were not asked to return and received no nephrological follow-up.
DISCUSSION
A smartphone app can be a useful tool, making information more accessible to clinicians in areas such as the indications and timing of referral for patients with CKD. In our study, implementation of the app improved referral rates from 39.6% to 67.8%, highlighting the currently inadequate knowledge of referral guidelines. After physicians were introduced to the NefroConsultor app, their patients were more frequently referred to the nephrology service with albuminuria and urinalysis data (87.5 and 85.8%, respectively, in 2017 versus 62.5 and 68.5%, respectively, in 2015). In both years, most patients were referred because of low levels of eGFR, but references to proteinuria as a reason for referral increased by 10.5% during the study period. The implementation of this kind of healthcare app for use in mobile devices contributes to clinical practice and referral decisions, and can also help unify criteria and coordinate the different medical departments involved in treating CKD and other diseases. Late nephrology referral may be due to unavoidable causes, such as the referral biases of clinicians, socioeconomic status, patient factors or differences between healthcare systems [16] [17] [18] . However, other factors, such as insufficient training regarding the guidelines on timing or indications for referral, can be addressed, as we show in this study. Evidence-based guidelines provide valuable indications for nephrology referral, and so it is of great importance to make this information simple and accessible. In our opinion, apart from the question of early or late referral, a correct decision based on available evidence should be taken, and for this purpose, a focused smartphone app can be a very useful instrument. Although other nephrology-related apps, such as iChoose Kidney, have been evaluated in randomized controlled trials focusing on a shared decision aid designed to be used by clinical providers (including physicians) and their patients [19] , to our knowledge, NefroConsultor is the first appbased decision-making aid to help non-specialists decide whether a patient should be referred to the nephrology service.
Furthermore, NefroConsultor highlights problems that should be considered and overcome in future referral guidelines and recommendations. For example, a 19-year-old female with serum creatinine of 1.9 mg/dL, leukocyturia and ACR of 200 mg/ g does not meet current criteria for nephrologist evaluation. Young patients with renal disorders such as tubulointerstitial nephritis or glomerulonephritis in remission and who characteristically have low albuminuria and only mild deterioration of kidney function may go unnoticed. Current KDIGO guidelines [4] underestimate the risks in younger patients with these kidney diseases, who in our opinion should also be referred for nephrological evaluation. Future guidelines should consider and address these issues. Early referral may also reduce both costs and mortality [5] [6] [7] [8] [9] [10] [11] [12] . In our opinion, nephrologists should play a more prominent role in preventing CKD and in slowing progression of the disease. Interestingly, in our study, a large proportion of patients (over 50%) who did not meet the current KDIGO criteria for referral were actually evaluated by a nephrologist and were asked to continue follow-up at the renal clinic.
A major limitation of our analysis, and one that is common to all pre-post studies, is the inability to control other elements that may be changing at the same time as the intervention being examined. In our case, for example, the nephrology referral guidelines may have become more widely known during the intervention, and this factor might account for the higher quality nephrology referrals that we report. Accordingly, randomized controlled trials should now be undertaken to better determine the effectiveness of NefroConsultor. Among other limitations, referral patterns are not uniform across healthcare systems or geographical regions. We believe referral should only be determined by concern for the patient's wellbeing, and should not be related to the characteristics of the healthcare system. Ensuring that referral meets adequate criteria, by means of tools such as this smartphone app, could help in this respect. A further limitation to our study is the fact that all our referrals were from hospital departments, with none from general practitioners. Nevertheless, this fact, together with the low number of clinicians involved, helped us to accurately monitor the use made of the app training programme by members of the different medical specialties in the hospital. These issues, as well as a consideration of the possible reduction in costs, morbidity and mortality that might be achieved by means of the intervention we describe, require further investigation. Despite these limitations, our study shows that the use of the app 'NefroConsultor' reduces the number of referrals to the nephrology service and improves the identification of patients at risk. This enhanced situation has been achieved despite the increased activity in the hospital (numbers of patients hospitalized and attended in the renal clinic, including follow-ups) during the study period. Thus, referrals in accordance with KDIGO criteria increased by 28.2%. Interestingly, albuminuria and urinalysis studies at the time of referral were also conducted more frequently, and proteinuria was increasingly cited as a reason for referral. Hence, more at-risk patients were identified. Further research, based on randomized prospective trials, should be conducted to examine and potentially confirm the contribution of our study findings, and to expand the scope for this sort of technological advance, which at present still has a very limited impact on health outcomes.
